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NATROJAROSITE FROM KUNDIP, PHILLIPS RIVER
GOLDFIELD.

By
Epwarp S. Snaeson, B.E., R.Se., F.C.8., and Mavrice A.
? & 3 ? )
Browwg, B.A.

(Read April 13, 1915.)

Before entering upon a deseription of the mineral Natvojarosite
from Kundip and its mode of ocenrrence, it will be well to give a
short outline of the Instory of the species Natrojarosite and its
potassinm homologue, Jarosite. This is advisable sinee, whilst bolh
are comparatively rare miuerals, the subject of this paper is so
little known that even 1 name does not appear in any but the mwost
recent text books.

HISTORICAL,

1838. (. ¥. Rammelsherg described a “Yellow Iron Ore” (Gelh-
eisenerz) from Lmschitz, Bohemia, where it occurred in hrown coal,
The composition was that of a basie sulphate of iron and potassium,
for which the author caleulated the formula, K,0.417¢,0,.5580,.9H,0,
—IPogg. Annal,, 43, 132,

Later in the same year, Scheerer pnblished an analysis of a
sinilar mineral occurring in alum-slate at Modum, Norway., In
this, sodium entively replaced the potassinm of the Luschilz mineral,
the calenlaled formula beimg Na,0.41,0,.550,.9H,0 —Poge.
Annal. 15, 188

1847, J. A, 1. Breithaupt first used the specific name Jarosite
for the hasic polassimm iron sulphate from Sierra Almegrera, Spain,
and other similar minerals of rhomboliedral erystallisation,--Berg.
n. Hutt, Zeit. 6, GS.

1866. A yellow mineral from Pailliercs, France, thonght to be
a basie sulphate of iron without alkalies, named Pastreite by Dr.
Normann.—Verhan. n.-h. Ver, Rheinl,, 17.

1564-1890. Typieal potash-hearing Jarosite, deseribed by
varions  authors from Spain, Saxony, Urals, Arizona, Colorado,
- Utah, Mexico, and Peru.

15493, W. P, Headden described as Jarosite a mineral occur-
ring in auriferous quartzite at the Buxton Mine, Lawrence Co.,

South Dakota, According to a subsequent recalenlation of Head-
den’s figures this mineral contained soda, 4.86 per cent,; potash, 1.65
per cent. It was, therelore, not Jarosite but its sodium homologne,
' ~—Amer. Jour. Set., 46, 24.
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1896.  Scheercr’s analysis of the sodinm-bearing mineral from
Norway quoted by Dana under Jarosite. Ie gave the formula for
the latter as K,0.3Fe,0,.4S0,.6H,0.—Sys., Min., VI Edit., 975.

1899. Headden’s description of the sodium mineral from
Soutl Dakota quoted by Dana under Javosite—Ist App. lo Sys.
AMin., 37.

1901, 11, W. Turner recorded the oceurrence at Soda Springs
Valley, Nevada, of a large quantity of a golden brown micaceous
mineral, which Dr. Hillebrand reported was the practically pure
sodium salt corresponding to Jarosite—Amer. Jour. Sei. 13, 345.

1802, Hillebrand and Fenfield described, with analysis and
comj lete ervstallographic details, the vellow rhomboliedral mineral
from Soda Springs Valley, Nevada, collected by Turner. The
analysis was that of an almost pure sodinm species eorresponding to
Jarosite. This they recognised as being thereby distinet from Jaro-
site, and gave it the new specific name Natrojarosite, assigning the
mineral (o the Almite Group. The formula given is
Na,[Fe(OH),],(S0,),, which may be wrilten i the same form as
that grven by Dana for Jarosite. They also deseribed an identical
mineral from Cook’s Peak, New Mexico.—Amer. Jour. Seci., 14,
211,

1903. 1. J. Spencer in his “Third List of new Mineral Nanes"
gave lillebrand and Penfield’s “Natrojarosite.”—Miner. Mag., 13,
373.

1910, “Pastreite” from Franee shown to bhe nornal Jarosite,
by Azema.—Bull. Soc. Franc. Min., 33, 130,

1911, W. T. Schaller discussed the rhombohedral Alunite-
Beudantite Group, including thercin Jarosite and Natrojarosite.--
Amer. Jour. Sei, 32, 359.

From the above hrief nofes it is plain that Natrojarosite was
first discovered in 1838 in material from Modwm, Norway, but that
it was at that time iucluded in the species Javosite. Il was not till
1902 that its independent specific chavacter was recognised and the
| ressnt name given to it.

OCCURRIENCE,
Nairojarosite has previously been recorded from the [ollowing
four localities:—
Modum, Norway.
Lawrenee Co., South Dakota.
Soda Springs Valley, Nevada,
Cook’s Peal, New Mexico.
A search lhas failed to reveal any record of its diseovery m
Australia.  To the locality list given, however, must now be added

as a new locality, Kundip, in the Phillips River Goldfield of this
State,
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In February, 1914, three parcels of oxidised gold ore, amounting
altogether to 172 tons, were sent in fo the State Smelter, at Ravens-
~ thorpe, near Iundip, from the “0.T.” Tribute on the Harbour View
- Mineral Lease, at Kundip. This ore, when “bedded,” showed a
-~ mmmber of light ycilow fragments, which proved to consist largely
of ferne oxide and sulpharie oxide, and were afterwards identified
as Nafrojarosite, The total quaniity of this wineral was estimated
- at well under one per cent. The yareel of ore as a whole contained
0.562 per cent. of SO,, which if it were all present as Natrojarosite
would indicate 1145 per cent. of that matertal, but some was, no
donbt, preseni as epsom salts and gypsum carried into the ore by
the ground water, which iz highly saline, ag the following figures
show :—

Tapre T.

Analyses of Kundip Groundwaler.

Medice Mine.(t | Flag Mine.® | Flag Mine.

Parts per cent.

CaCO, ... 0-0482 00553 0-0595
MgCO, ... 0084 0015
FeCO, ... ol trace trace Nil
CaSO, ... 0470
MeSO, ... s ‘1910 2016
NaNO, ... oo B Nil Nil trace
MeCl, ... 4088 1627 1896
NaCl ... 2-5882 13485 1:3742
KCI 0198 0129
NaBr ... 0002 0002
Nal e Nil Nl
S10, 0032 0024 0026
ALO, ... 0030 ‘0014 0038
Total Solids ... 34259 17897 1:8459

The shaft from which the ore was ohtammed is in an area of
horublende schist near the northern corner of the Harbour View
Lease’. This shaft was inspeeted in OQctober, 1914, and whilst
some Natrojarosite conld be seen lving on the surface, none was dis-
coverable underground. Aeccording to Mr. Charles Grant, of Kun-
dip, the mineral is found not only in this shaft, but also in other
neighbouring ones, in lenses or irregnlar masses in the oxidised por-

1. From shaft 10 chains W. of Natrojarosite deposit. 2. Half-mile N, E, of Harbour
View Lease, 3. Bee G.S.W. A, Bull, 35, Plate VIL, p. 96,
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fion of an auriferons lode. The matrix is a gossan cowposed of 1ron
hvdrates, quartz, and elay. No sulphides were visible 10 the first
shaft, but they were exyecied to he veached at a depth of about 140
feet.  In the 103L1, and 112ft. levels and elsewlhere a number of
samples were (aken of the soft, kaolimsed rocks, which dipped at a
high anzle, and were dark reddigh hrown to while in colonr. These
were found {o vield sulphuric oxide 1n small proportions frow {races
upwards, This Las heen fonnd to be characteristic of the larger pro-
portion of all rocks in the Phillips River Goldfield wlieh have re-
cently been tested. In this connection it 15 to be noted that several
sulphides, ¢hiefly pyrite, pyrrhotite, and cheleopyrite are widely
distributed m large quantities throughout the disiviet helow (he zone
of oxidation, '

A constderable quaniity of a sinilar basic sndphate was found
m a sample of the weathered greenstone schist carrving streaks of
a yellow ochreous material from a depth of GOft. in a new shaft on
the Coronia Lease in Sutherland’s Gully in {he Ravensthorpe Range,
near INundip, as well as in a cliff ou the Jerdacuttup River. Kinally
onn testing the tronstoue used as a flux at the Stale Swmelter and
quarried n the Raveasthorpe Range at Iron Knob, (.30 per ecent.
S0, was found 1 poor specimens containing G2 per cent. Ke,0, and
10 per eent. 510, and 0.52 per cent, SO, in picked spechmens
confaining 75 per cent, Fe, O, and 3 per cent. S10,. This ironstone
represeifs possibly the outerop of a large lode in whieh pyrites,
pyrrhotite, and magnetite are abundant below water level, A similar
lode, outcropping at Mt. Meblahon, 2%, miles to the North-West,
was plereed by a bore at some depth below the zone of oxidation,
and portions of the core on analysis gave:—

Tanre 1L

Sulphide Lode, Mi. MeMahon, Ravensthorpe,

| (4) ' (B)
Fe 44-37 4568 %/
Cu 03 02
N1 06 trace
Sh 02 01
S 3591 ' 30070
S10, 14-70 9-33
Al,0, trace trace
MnO 97 1-55
CaQ 72 1855
MgO 373 4-10
O ete. traces (7°08)
100-51 100-00

The chiel metallic constituents of A were pyvrrhiotite, and pyrites
with traces of magnetite; of B, pyrites, pyrrliolite, and maguetite n
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rouglily equal proportions. The normal weathering of such material
would give rise to large quantities of sulphurie acid and sulphates.

PHYSICAL PROPERTIES.

The speciniens from the Harbour View l.case consist of prae-
tically pure mineral in irvegular masses from a few grammes to ¥
kilo in weight. They are bright ochre yellow to brownish yellow in
colour, dull in lustre, porous, and at times more or less cellular.
They vary in colierence from very friable to moderately tough. In
one specimen the mineral encloses a small vein of guartz.

An examination of the powder under the microscope discloses
{he faet that tlns is whollv in transparent crystalline grains, of
which many arve perfect crysials, varying in diameter from 3 to 5 g
The erystals are dige-like, with a thickness erual on the average to
one-third of the diameter. Many possess a small twrbid core, the
exact causge of which was not determinable, By pressmg some of
the powder, mounted in cedar oil, between cover-glass and ship, a
nunther of erystals were flattened against the glass. In the more
perfect cryvsials the outlines of upper and lower basal planes were
then seen to be equilateral triangles in alletnating position.  As
the crystals in this position proved to be singly refracting, the crys-
tal system is evidenily rhomboliedral, and the form the combination
of rhiomboliedron with two truncating basal planes. The refractive
index was high, birefringence strong.

The gpeeilic gravity was determined by immersing several small
fragments (previously washed in small quantities of distilled water,
alecohol, and cther, vide infra.) in methylene iodide of density 3.32
and graduvally diluting this with measured quantities of a mixture
ol xvlol and methylene iodide of density about 1-5. 'The sinking
point was noted as compared with thai of test minerals whose speci-
fic gravity had been determined with great care. By thus iuterpolat-
ing between spodiinene of density 3-14 and rubellite of density
5.01, the Kundip mincral was shown {o have a density of 3-11 at
29° (.

The melting point was indeterminale owing to the mineral dis-
soclating at a low temperature.

CHEMICAL PROPERTILES,

Preliminary experinients proved, as was expected with  such
porous material, that ahoul one per cenl. of water-soluble salts de-
posited by the saline ground water (wide supira) were present. These
were chielly common salt aud epsom salts.  Further it was proved
that Naivojarosite itself was apparently entirely unaffected even by
long continued confact with hoiling water, For analysis, therefore,
a seemingly pure fragment of mineral was selecled, hroken to pass
a 20-mesh sieve and washed rapidly with a few small lots of cold,
distilled waler to remove all associaled salts, then in suceession with
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G : 1 aleohol, absolute aleohol. and efher to remove water and ensure
rapid drying at a low temperatnre. Finally the mineral was dried at
50° C., crushed to pass a 90-mesh sieve, and bottled. The material
so prepared was found to contain 0-04 to 0.08 per cent. of hygro-
scopic water, and from »il to 0.20 per eent. of insoluble matter,
The results obtamned on three separate specumnens were :—

Natrojarosite, Kundip.

\ Theory. A ] B | C Mol
|
H,O ... L1115 10:93 606
Na,0 639 .. 632 | 102)
KO ... .| .. 63| 7§19
Fe,0, 4942 4990 | 4998 | 4986 312
FeO .. ‘16 &
SO, ... F 33048 3s30sQ szas|fiizasal 403
7,0, ... I 20 | 1%
— s
10000 | ] 100-45

All results 1 the case of “C” are the means of two concordant esti-
mations, nsing only vessels of quartz and platimun, and reagents
of “Guaranteed Reagent” quality, whose purity had been confirmed.
None of the water was removed at temperatures np to 150°C.,
from which it would appear that none of it 1s water of crystallisa-
tiom.
The empirie formula for minerals of the Almmie Group is
G1LO.1R,0.3K,0,.450,,

For Natrojarosite this becomes
GH,0.N2,0.3Fe,0,.450.,

Thirs may be written (Hillebrand and Penfield)
Na,[Fe(OH),],(80,),

The results obtaiuned for the Kundip mineral give slightly high
results for alkalies and ferrie oxide and correspondingly low resnlts
for water and sulphuric oxide. The departure from the theorelical
ratios is, however, quite small, viz.:—

) ]
| Theory | Found

| mols. mols.
0 ... .. | 600 | 504
Na,O ... 1-00 1-07
Fe, O, ... 300 306
SO, 4-00 Sl
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The presence of traces of phosphorie oxide (previously observed in
similar minerals) and of ferrous oxide is doubtless to be aseribed
to {he co-existence of an isomorplous mineral of the Hamlinite or
Beudantite type, viz.:—

21R0.3R,0,.2P,0,.7H,0O Hamlinite Type.
2RC. 3R,0,.250,.P,0,.6H,0 Beudantite Type.

The molecular weight and molecular volune for the Kundip
nineral and other minerals of the gronp are: —

Molecular Specific Molecular

Weight. Gravity. Volume.
Natrojarosite, Kundip 9715 311 3123
Natrojarosite, pure ... 9694 (3:10) | (312:4)%
Jarosite 10016 3-20 313-0
Alunite 8292 266 3118

* Assumed. being inean of figures for Jarvosite, Alunite, and the Kundip mn neral.
From this figure the speeifle gravity of purs Nutrojarosite, unknown in nature, is
caleulated to be 310,

Kundip Natrojarosite is insoluble in waier. Some of the finely
powdered mineral was shaken with a little cold water to dissolve the
associated salt and magnesium sulphate and then washed several
times on a fitter with small lots of water nntil the filtrates gave no
reaction for echlorine. Subsequent treatinent with cold water
yiclded filtrates giving no rveaction for snlphate ion ~vith bartum
chloride, nor for fervie ion with ammoninm gulphoeyanide.  On
boiling with water no change could be observed in the mineral, The
waler remained neuntral in reaclion to methyl orange and litmus,
and no sulphate ion could be detected in solution.

Cold, strong, hydrochloric acid (10 1) had no immediate effeet,
thongh, doubtless, complete solution woukd resnlt on long continued
digestion. On heating almost to boiling, solution was moderalely
apid, 0.5 gramme of the mineral dissolving completely in about
15 minutes. Dilute hydvochlorie acid (5 10) acted extremely slowly
ever when hoiling,

Diluie sulphnrie acid (5 E) had practically no effect even at
hoiling point, On eoncentrating the acid in contaet with the mineral
by evaporalion on a sand bath, the powdered mineral remained
almost nnaffected till the acid reached the strength of about 10 E,
when solufion was more rapid, and was complete just short ol
foming pomt.

The mineral is very slowly attacked by hot concenirated (16 1)
nifrie acid,
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Roiling for a few minules with a mixture of one part ol 22 I
hydrofluorie acid and fwo parts of 10 I sulphurie acid gave a per-
feet solutionr. This was found a convenient method of solution for
the estimation of ferrons won.

Digestion of {lhe powdered mineral wilh weak eaustie potash
(1 ) in the eold (18° () resulted in somewhat slow decomposition.
The colonr of the powder had changed after five minutes from
vellow {o ovange, and alter 30 winutes to hight red, the colour
gradually deepening, Contact with alkali of the same strength at a
temperature of 50° C resulted in rapid decomposition, all SO, aud
Na,0 going into solution and leaving a bulky dark red rvesidue of
ferrie hydrate. The instability of the mineral towards wmoderately
concenfrated alkalis is further illusivated by the fact that 1f a slight
excess of ammonia or fixed allkali is added to a solution of the
mineral in hydroehlorie acid, the vesulting iron preeipitate contains
no trace of either sulphurie oxide or alkall

At the suggestion of Mr. Alex. Montgomery experiments were
made ot the etfect of the mineral on weak potassinm cyanide solu-
tion, 0.2 gm, of the powdered mineral was digested in the eold with
50 ec. of a 0.5 per cent. solution of potassinm cyanide.  After 115
hours no weakening of the solution was delermmmable, atter two
days, however, the sirength of the solution was reduced by 10 per
cent. This fact has an obvious bearing on the problem of suceesstul
exiraction of gold from oxidised ores, m which (his meral, or a
similar one, wmay be present without having heen detected.

Effect ol dry heat.—Omn leating the mineral for an lhour at
100°, a inute loss (001 to 0.04 per cent.) of hygroscopie water
was noted,  Further suecessive heatings for an hour eacli (yne with
rises of 10° up to 150° caused no turther alteration m weight what-
ever, None of ihe water, therefore, 1s water of crystallisation. At
a temperature below red heat, aeid water was evolved and at a very
low ved heat funies of SO, were observed to come off. On lLeating
over o meeker burner in a platinnm erueible, praetically constant
welghts were reachied with a loss of 35.36 and 35.50 per cent. Thig
18 equal to all the water plus tliree-quarters of the sulphurie oxide.
Cold water extracted sodin sulphate from this ignited mineral, the
residue being practically pure [lerric oxide, Blasting produced a
glow reduetion in weight, doubtless due to dissociation of the alkal
sulphate, After 30 minutes it amouwnted only to 0-8 per cent,, after
which the process was diseontinued,

On leating a small fragment of the mineral i an open bunsen
iflame an intense soda coloration was produaced,

Heating in a closed tube gives white fumes which condense lo
a slrongly acid sublunate of sulphurie acid and water, leaving a dark
red residue.
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GENESIS.

The proved chemieal properties of the mineral [orm a Dhasis
ni on which to bhuild up the steps by which the mineral has beeu
formed, though no theory ot origin can be considered final until the
deposit in whieli the mineral oecurs has been traced helow the zone
of oxidation,

The genesis of alunite, the commonest mineral of this group.
i5 nsnally asevibed (o solfatarie aclion on rocks confaiming large
aquantities ol orthoclase.  Thus:

GIKAISLO, 4- 650, 4 30, - 6H,0 =
Orthoclase,
611,0.J{,0.3A1,0,.450, | 21,50, - 18310,
Alunite,
T the customary presence of other aluminous silicates, such as
oligoclase, ete., no free potassivmn sulpliate would be produced, the
whole of 1t combimnge with aluwinimm sulphate 1o form alunite, It
is. to he noted that a mixtare of sulplur dioxide and oxygen are
necessary lo produece this effeet.  Such a mixture has mdeed been
recorded 11 gases from two voleanoes, Hekla and Vuleano*, but
must be far from common in sub-surface fissures.

On the other hand alunite might well be produced by the
weathering of an “alum slate” confaining mueh sericite and pyrites
or marcasite, this:

2H,0.K,0.3A1,0,.6510, 4- 2FeS, + 7TH,O0 - 150 =
Serieile.

GIT,0.K,0.3A1,0,.450, -}~ Fe, (IHO), 4- 6810,
Alunite.

The Kundip Natrojarosile is almost cerlainly not the result of
solfataric action, but the produet of the weathering underground of
pyritous ore in the presence of sodinm-bearing rocks and ground
waters.

The normal equation for the first stage in  the weathering of
pyritest in a quartz reel or elsewhere, where easily decomposed
rock silicates and carbonates do nol come into action, is

AFeS, + 2IL,O0 + 70, = 2FeSO, 4 2H,S0,,
With additional penetration of atmospherie oxygen, further oxida-
tion of the ferrous sulphate takes place, thus:

2FeS0, 4+ 2H,80, + 0 = e, (S0,), 1- H.80, + H.,0.
It is seen that the oxidation of ferrons sulphate to ferrie sulphate

reduces the acidily of {lie solution to one-half, thus increasing the
tendency fo formation of basie salts.

* F. W. Clarke, Data of Geochemistry, Edit. IL., pp. 249-251,

t Vun Hise, Tredtise ou Metamorp asm, p. 214, does not give this eguation.
He sives, bhowevar, five others as representmg prob ble reactions, during thie sub-
surfree wenthering of pyrites. Oue of these gives H,8 and S0,, two incompatibles,
as simultineous produets of the vanetion; a secontd gives f rrie hydrate with a con-
riderable excess of 80, ; 4 thivd, ferric hydrate with abnudant sulphuric acid!
These equations appear to require some eXplanation.—E.S 8.
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(ontact of this oxidised solution with excess of alkaline grouund
water would, from the experunents described above (p. 53), result
1 the precipitation of ferric hydrates, leaving all alkali and sul-
phurie oxide in solution, Tlhis 15 the result usually observed in
weatherved lodes,

Many of the lodes of the Kundip distriet, inelnding the one
nnder discussion, are impreanations of amphibolites or other rocks
carrying sodinni-hearing silicates,  Were sowme portion of the oxi-
dised iron solution for some abnormal reason to remain oul of the
reacht of the main uuderground cireulation, the free acid would
eradually attack sueh silicates, a neuntral or faintly acid solution
remaining, which contaied ferrie sulphate and sodimn sulphate.
1Ty drolysis of this solution would then give rise to the formation of
thie basie salt Natrojarosite, since this compound is insoluble in such
a solution, thus:

3Fe,(50,), + Na,>O, 4 12H,0 = 61,0.Na,0.3Fe,0,4580, 4
6H,SO,. Natrojarosite,

Perth, 12th April, 1915,




